IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
AppL No. 



Goddard. et al. 



10/063,566 



Filed 



May 2, 2002 



For 



SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE. SAME 



Examiner 



Hunnicutt, Rachel Kapiist 



Group Art Unit 



1647 



DECLARATION UNDER 37 CFR §1,131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

We declare and state as follows: 

1. We are the inventors of the invention claimed in the above-captioned.patent application. 

2. During the time period in which all of the events and activities described hei:ein occurred, 
we were employed by Genentech, Inc., the assignee of the above-captioned application. 

3. All of the events and activities described herein were performed by us personally, or by 
others at our direction as part of our duties as employees of Genentech, Inc. 

4. The invention claimed in the above-captioned patent application was conceived pirior to 
April 29, 1998 and dihgently reduced to practice thereafter in the U.S. as described below. 

5. Prior to April 29, 1998, we conceived of the invention claimed in the above-captioned 
patent application. Prior to April 29, 1998, the idea of investigating several newly discovered 
DNA sequences for their relevance, including developing primers and cloning the DNA 
sequences of interest Irom normal and tumor tissues, was conceived. The attached sequence 
printout (Exhibit A), dated prior to April 29, 1998, shows the complete sequence of the nucleic 
acid having the sequence of SEQ ID NO:57, as well as the complete sequence of the amino acid 
of SEQ ID NO:58. Thus, conception of the invention claimed in the above-captioned patent 
application occurred prior to April 29, 1998. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various nortnal and tumoi: tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in whidh the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of die specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were, diligent in reducing the invention to practice by at 
least June 13, 2000. : 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and fiirther that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under Section 1001 of Tide 18 of the United States 
Code and that such willful statements may jeopardize the vaUdity of the application or any patent 
issued thereon. 
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6. The date deleted from Exhibit X^rior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed 
December 21, 2004. *^ ^ ' 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify tiie expression levels of tiie cloned sequences, 
and created constiiicts for expression of the encoded proteins. The enclosed printed copy of ari 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including die primers for DNA59609, the DNA which is relevant to the 
presenfly claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducmg to practice following conception of the invention. Thereafter, die primers were tested 
for expression in various nonnal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual induction 
to practice tiierefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13, 2000. 

8. We hereby declare that all statements made herem of our own knowledge are true and 
that aU statements made on information or beUef are believed to be tine, and further that these 
statements were made witfi the knowledge that willful false statements and the like so made are 
pumshable by fine or imprisonment, or both, under Section 1001 of Tide 18 of the United States 
Code and that such willful statements may jeopardize the validity of the appUcation or any patent 
issued thereon. 
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6. The date: deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of ttie encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oH.out3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
mvention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13, 2000. ; 

8. We hereby declare that all statenients made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be tine, and further that these 
statements were made witii the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of die application or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
-H-, +, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summaiy. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13, 2000. 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. §. 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a sunmiary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13,2000. 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and tiiat such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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<'16422 flO OLI28176>AGTTGCAACTATGCTGGCAACTGGAGG 
< 164 2 2 * no 0LI2 8 177 >CCCAGATGTTTCTTACTGGCTCCTCACTAATC 
<16435" f 10 OLI28178>GAGGCAACTAAAAAGGCTTCAAACGTTTTG 
<16435 no OLI28179>CAAAATCAATAACGTCATCAGCTTCCTAACCATG 
<23334' f 10 OLI28180>CGTTGGTTGAAGGACCTAAATACCTGGC 
< 2 3 3 3 4 ' no OLI 2 8 1 8 1 >CTTCTATCATCACCCAGCTGCATGACC 
^26843* f 10 OLI28182>GCAAGTTCATGCTCTGAGTCCTGAAGAG 
<26843 * no OLI28183>GGTGCAGTGTCATAGAGGGTTAATCCATG 
<26844* f 10 OLI28184>CCAATTCTGAACATTCCCATCGTGC 
<26844 no OLI28185>GTGCTGGGATTACAGGCGTGAGC 
<26844 . f 10>CCAATTCTGAACATTCCCATCGTGC 
<26844 . rlO>GTGCTGGGATTACAGGCGTGAGC 
<30862 flO OLI28186>CACCTGAAGGTGATGCTCCTGGAAG 
<30862 . no OLI28187>GCGGTTCCATCGCAGATGACC 
<40621. f 10 OLI28188>CTGGCTGCCCATCATGACCTCC 
<40621 no 0LI58189>CTCCTGCCTCAGCCTCCCGAGTAG 
<44161 flO OLI28190>GAAGGACATGCGCGTGCAGAC 
<44161 ! no OLI28191>GAGCTGGTGCTTTCCGCTGCC 
<44694 flO OLI28192>CCACAGCTGATACGGCATCCTGC 
<44694 no OLI28193>CCAGAGTCTGCATGAGCACCAATG 
<48320' f 10 OLI28194>CCTCACTAGCACCTGGAATGATGCTTTG 
<48320" no OLI28195>CACTCATAAGTTGCACATATGCTCCAAGGTC 
<48334 ' f 10 0LI28196>CAAGGAGGCAAAATTTTGACAGG6AAGG 
<48334 ' no OLI28197>GTACACACAGAATAAGGTTGGGGAATTAAGCTG 
<486d6.fl0 OLI28198>CAGCATGCCAGGCCTCACG 
<48606 .no OLI28199>CTTTCTCAGGCCTCCTGGCCAATAG 
<49141 flO OLI28200>CCACGTATCTCATGTGCCGAATGTG 
<49141 ' no OLI28201>GTGCAGCCTCACACTGCCTTCTCC 
<49647 flO OLI28202>GGCAGTGAACACATCTGATTTCCCACAG 
<49647 * no OLI28203>CCCTCAAAAGCCAGTTACATTACATGTTCACAG 
<49819'fl0 OLI28204>GGTTGCCATTCCATAGGTTTGGAGAGC 
<49819 ' no OLI28205 >GCATTCACCTACCTGTCTAACCCTCACATG 
<49820"fl0 OLI28206>GAGAAGCTGACTGAGGAAGGCTCTCCC 
<49820* no OLI28207>CTACTGGAAGCAGGCACAGTGTCACTAGC 
<53913'fl0 OLI28208>GCTTCCGTCCCTGAATCCCTTCC 
<53913 no OLI28209>GTGTGAAACTGCTTGGTGGCTGTTCC 
<53978*fl0 OLI28210>GTGATGAATGGTCACACACCGATGCAC 
<53978'nO OLI28211>GAATCCTGGGGGATCAAATCATATGAATG 
<53996 flO OLI28212>CCAGATGGCACGACACTGCCATG 
<53996 no OLI28213>CCAGAACAGCAGTGAGGCAGATTGATG 
<56O50!flO OLI28214>GAAGGCTTCCTGCAGGAGCAGTCTG 
<56050 no OLI28215>CAGGCCAGGTGAGAGAGTACAAGTCTTGC 
<56110!fl0 OLI28216>GTAGCCGGCTTGGCTTTTGTAATTGG 
<56110 . no OLI28217 >GGATGGCTGAGTTTCGCACATTGTG 
<56410 flO OLI28218>CCTGAAGCTAGTCCAGCTAGTACACCACAAATC 
<56410'n0 OLI28219>CAATCCTCCTGACTTGTCTTCCCTAAGTGC 
<S6436 flO OLI28220>GAAATGGATTAGCCAACCAGGGCAAC 
<56436 no OLI28221>GGAGCAGGAACCAACTCAATGCACAG 
<56855 flO OIiI28222>GCAACTTACAGCTGCACCGACAGTTG 
<56855 no OLI28223>GAGAGCACTGGAATGATTTAGGGGTGG 
<56859 " f 10 OLI28224>GGCTGTCTTAGTACTTCGCCTGACAGTTGTC 
<56859 no OLI28225>CCATCAACTATGTGATCCCAAAGCGC 
<56860 . f 10 OLI28226>CTTCATGTGGCAGCAAGTTTTCGAGC 
<56860.n0 OLI28227>GAGACGCATGGGTGTAGCCTCAGG 
<56865 flO OLI28228>CTAACCAACTGGAAAAATGGATGAAACTCAATG 
<56865 no OLI28229>GTCTGTCTGGGAAGCTGACTGCCAGAC 
<56868 flO OLI28230>GGATTCCGAGAATCATTGTCATGTACATGC 
<56868*n0 OLI28231>GTTCCCTCCTCATTCCTTAATGAGTGCTTG 
<56869 flO OLI28232>CAACTTCGCCCTGGAGCAGCTCTTG 
<56869 no OLI28233>CTCCAGGACCCTCAACATGATGTAGCC 



VcB7 0 flO OLI28234>GAACTCGGAAGAGATGCTGTGGAATCC 
Isell 0 ' rlO o"2823LcCTGTCCCAGTi^TGCCAACTTGGAG 
^1769 9 f 10 OLI28236>CCTACGGTGAGAAGCTTACCATAAGCTTGG 
Isisls' rlO OLlL237>CATGGCATGGCTACCGCTTCCTTAG 
<l7704"fl0 OLI28238>GCCCCAATGCCAAGTACGTAATGAAG 
All 04 ' rlO OLI28239>CAGTGTAAGCCAGCACACTGACCTCC 
Isillo : f 10 OLI28240>CAGCCTCCAAGCCATCATCACCAAG 
JJlllo rlO OLI28241>GTCCTGAGCGACTGCCACCATG 
<l7711 flO OLI28242>GCATCGAAGCCCGTGAAATCCAG 
^7711 rlO OLI28243>GTCAGGCACTGTGGTGAAGGGAACG 
:|?827'nS 0S2I24LGCCATCAATGGACATGATCTTCGATATGG 
<ll821 ' rlO 0LI28245>CCATGTTGTGGTTGGAGTCCAGGG 
^I7l4l*n0 OLI28246>CCGTGGAATGGAGTTGATCCCAACC 

his ssirjafo^^s 

<||743 ■ rlO SlI28253>GTTCGCACCATTCTCCTGCCTCAG 
^58846 flO 0LI28254>CCCAGCAGTGGGACAGCCAGAC 
<IIItlrlO 0LI28255>CAAGACCTATGTTCTGGGGCAGCAGG 
fslltl ' Ao 0LI28256>GAACTCCCCACCTTTGCACGCTG 

^RfllflrlO 0LI28257>GATGTGTCCTTCACTCACCCGCAGC 
fslltl ' llO OL^2l2l8:CGAACACCTTGTACTGGGAGTTGAATCAG 
<|8849 ■ rlO OLI28259>CATCACATAGCAGAGTTCCCTCAGCCCTG 
<|||toilO OLI28260>GCa^CCTGTCAAAGCCTAAAGTCACCAT6 
llllso ' rlO OLI28261>CCACAGTGGAGTAAACCGTATTTGCTGG 
<l8853 ' f 10 OLI28262>GGGACTGACCCTAGTCTGTGTCCATGC 
<||||3 rlO 8lI28263>GGGATGCTGTATGGATAGGAAGG6ATG 
^flft^R flO 0LI28264>CGAAGGATGGACATCCTGGAATGG 
fssllB : Ao SL^2lf65>GCTTAGAGACTCCACACAGACAGCCAAGG 
<59211 flO 0LI28266>CAAGGTGACCTCGCAGGACACTGG 
fsslll : rlO 8lI28267>CCTCCTGATCAGAAAGGGGCCTAACAG 
<59213 f 10 0LI28268>GAGGCTGACACCTTCATGTTTGGAGG 
tlli^^ rlO 0LI28269>CTCAGTGTGGTCTGGCAGGAACCG 

fsllli ' Ao Sl^2I2;o>cctgaccaaaaaattcccagtaaccaggc 

<l9t 97 ' rlO 0LI28271>GTGGCCAAGTGGATAAAACAGTAGCAGTG 
<59603*fl0 0LI28272>CTGCTGTGGCTGCAGCTCTGC 
<59663 rlO 0LI28273>GACGCCAGGAAAACAGCCAGGTC 
<il6G5ilO 0LI28274>GGAGTACCATCTTCCTCATGGGACCAG 
<ll605 rlO 0LI28275>CATGGGAATTCAGTGGGACAACATCC 
<l9607 flO 0LI28276>CCACTACATGAGCATCACC:ATCTTGGTC 
fslloi ' rlO 0LI28277>CTGGCCAGTGACTGTCAGGTTCTCTG 
:ll609 ' Ao 0LI28278>CATTCCACTTGTGTCACTGCTTGGAACC 
fsllol ' Ao 0LI28279>GGCATTGTTAAGCAAGGGCAGCAGAAG 
:IIIJo:llO OLI28280>CTGCCTCTCAGCCCTTACCTGATGC 
<59610.rl0 0LI28281>CCCTGAGTTGCGAAGTGGCAGTC 
<59612 f 10 0LI28282>GTGAGCGGATGGACCTAGCACTTCC 
<il612 rlO 0LI28283>GACAGCTACTACTCGCCAGGTGTGCTG 
<59613 . f 10 0LI28284>GAATGCAGCAACACCAGCGATGC 
<i9613 rlO 0LI28285>GACCTGTGACTCCCACTTACTGGGCAG 
iill" ■ f 10 0LI28286>GTCAGGAGCCTGAAATCAGGCTGACTTC 
^59616 no 0LI28287>TCCTCCAGGCCAATCCTGACCC 
<59619 flO 0LI28288>GTGCATGTTCCCTGTCTGGTGCC 
<"6i9 rlO 0LI28289>GAGTCCCTGAGGTTGGAGTCCTAGCATAGC 
^59625 f 10 OLI28290>GTATTCTGCCCTGCGCATCCC7^C 
;||62l rio 5lI28291>GACTCCTCCAGTGGCACTGCAGCTC 
^^9827 flO 0LI28292>CACTGCAGCTGCGCACAGTCG 
<59827 : no 0LI28293>GGTGCTCTGAGAAGAGGTCAGAATGGC 



< 



oooQ fnn ni.I28294>CTGCCGACACCGGACTTCAGC 
^^^io nn ^^'^28295>GCCAGCCGACCTTTCTGTGGTG 
59828 .no O^E28295>OC^^ ^ 
59853 .f 10 0^!28296>CTCOTAGCLC^^ 

SS'l'llSiS^SScGGGACTTCAG 

<59854 .f 10 ZI^;^ppTrrTGAAAGACA^^ 
<59854 .no OJ'I^f 99>GGGGCCTCCTG^A^ 

<60283.flO OJ'528300>CTGTTOTGATei^^^ 

<60283 . no OL^28301>CCATTGGCi i 1^^^^^^^^^^ 

<60619.fl0 OI^528302>CAGGCCCAOTG^T^^^^^^^^ 

<606l9.n0 OLI28303>CATCTCCCGAAGA^^^ ^^^^ 

<60625 . f 10 OLX2|304>CCAGG^AOT^ 




<6 06 2 5 . riu '-'^•^^ ° X ^rAr'TrTPTrACCAAAGGAGGCCAACTC 
<60629.fl0 OLI28306>TGATCTGTCAC^^ 

<61755.fl0 0^-^283 08 >GAAi^^ Q^ 
<61755.n0 OLI28309>GGAAGCCAGAAGCCA^^^ ^^^^ 

°S83fi;S^?S5G?S?S?ATTGCTATGGACATTG 
<64852.rl0 O^I28311>ta^iJ ^ ^(.^Q 
<66308 . f 10 OI-I28312>CGACATCCA^^ 
<663 08.n0 01'^28313>CATCCTTGGGATCT 
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^tyacts. If these minor cell proteins differ among cells to the same extent as the 
'Lore abundant proteins, as is commonly assumed, only a small nimiber of pro- 

jglfl diffisrences (perhaps several htmdre^ sujBfioe to create very large differences 

ln'ccU morphology and behavior. 

ACell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
^ir patterns of gene e3q)ression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released dxiring 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is ho 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fox cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illtistrate 
a general feature of cell specialization--<iiflferent cell types often respond m dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene E>g>ression Can Be Regulated at Many of the Steps 
hi the Pathway from DNA to RNA to Protem ^ 

If differences between the various cell types of an organism depend on the par- 
ticular genes that die cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
an of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling vrhen and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA ttanscript is spliced or 
othenvise processed (RNA processing control), (3) selecting which completed 
mRNAs in the ceU nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which niRNAs m the cytoplasm are translated by ribosomes 
(translational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA d^pradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizmg specific protem molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
oecause, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous mtennediates are synthesized. In the 
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Figure 9-2 Sbc steps at which 
eucaryote gene es^ression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
kreverslble inactivation by proteolytic 
degradation. 
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foUowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the otiiier 
ways of regulating gene e3q)ression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only d 
fr^tion ofits genes, and Hue different types of cells in multicellular organisms arise 
became different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to charges in their environment, such as signals from 
other cells, Althoi^h all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ® 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or ofiF. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Geiie Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators* the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in pro4ins acting as specific repressors for these 
sets of genes. Because these proteins, lilce most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually pinified by fractionating ceU extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 



Figure 9-3 Double-heUcal structure 
of DNA. The major and minor grooves 
on the outside of the double helix, 
indicated. The atoms are colored as 
follows: carbon, dark blue;mtxoz^ 
light blue; hydvogerit white; ox^^ 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
boUi the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 

black linemwcks the location of an 
iuimeth)1ated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 



CG isJand 



Summary 

the many types of cells in animals and plants are created largely throng mecha- 
nians that cause different genes to be transcribed in different cells. Since many spe- 
dfdized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechariisms involved in creating them miist be stable once estab- 
tished and heritable when the cell dti/ides, endowing the cell with a memory of its 
dmlopmental history, Procaryotes andyeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be reh 
mnt to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
su4tdi ^uU switches a cell between two altenuUive patterns of gene expression. DU 
rector indirect positive feedback loops, which eruible gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotesgene transcription is generally controlled by combinations of gene 
regfilatory proteins. It is thou^t that each typeofcell in a hitter euaayotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein nuty be expressed in a variety of circumstances and typicaily is involved in the 
^^^dadon of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to relate gene expression. In ver- 
tebrates Dm methylatipn also plays a part, mainly as a device to reinforce decisiorts 
ahout gene expression that are made initially by other mechanisms. 



Postttanscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
™n of regulation for most genes, other controls can act later in the pathway 
RNA to protein to modulate the amount of gene product that is made. Al- 
Jnou^ these posttranscriptionai controls, which operate after RNA polymerase 
nas bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control fox many genes they are crucial. It seems that every 
step in gene e;q)ression that could.be controlled in principle is likely to be regu- 
ated under some circumstances for some genes. 

We consider the varieties of posttranscriptionai regulation in temporal or- 
etj according to the sequence of events that might be experienced by an RNA 
™iecule after its transcription has begun (Figine 9-72). 
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Figure 9-72 Possible post- 
transcriptionai controls on gene 
expression. Only a few of these 
controls are likely to be used for any 
one gene. 
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Figure M Genes can be expressed 
with difiereTit eflldendes. Gene A Is 
transcribed and.tFans!attd much more 
efflcEentV than gene B.This allows the 
amount of protein A In the cell to be 
much greater than that of protein a 
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FROM DNA TO RNA 

Tratxscdption and translation are the means by which cells read out» or express, 
tibie genetic instructions in ttidr genes. Because many identical RNA. copies can 
be made from the same gene^ and each BNA. molecule can direct the synthesis 
of many identical prot^ molecules, cells can synthesize a large amount of 
protein iiapicHy when necessary But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-^). Moreovei; as we see in 
the neact chapter, a cell can change (or regulate) the e9q)iession of each of its 
£^es according to ^e needs of the moment— most obviously by controlling 
the production of its BNA. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a ceil takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of Its DNAnudeotide sequence — a gene— into an 
BNAnudeotlde sequence. The informatloninBNA, although copied into another 
chemical fonn, is still written in essentiaDy the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name tianscrlptiaa. 

like DNA| RNA is a linear polymer made of four di^ent types of nucleotide 
subuntts linked togetiier by phosphodiester bonds (^gure &-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— dist Is, they contain the sugar ribose (hence the name ritonu- 
deic add) mther than deo^bose; (2) altiiough, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (Q, It contains the base uracil (U) 
instead of the thymme (T) in DNA. Since like X can base-pair by hydrogen- 
bonding with A (Figuxe 6^5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA Oua RNAp G pairs witii 
C, and Apaits with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
maticaliy In ovezall structure. Whereas DNA alwa]^ occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide diain folds up to form the fixi^ shape of 
aprotein (Figure 6-6). As we see later in this chapter, the abQity to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have stmctural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

AU of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Qiaptor 5. 
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Figure 6^-89 Protein aggregates that cause human disease. (A^ Schematk Illustration of the type of 
conformational diai^ bi a procdn tfiat produces materiai for a cross-beta filamenc (B) C^^gram lUuscrating 
the self-lnfeccious nature of the protdn aggre^tlon that Is central to prion diseases. PrP ts hfghl/ unusual 
because the n^sfolded version of the proteitv called PrP*, Induces the nbrma! PrP protein it contactrta 
change Its confomnation,as shown. Most of the human <Kseases caused by protein aggregation are caused by 
the overproduction of a variant protein that Is especially prone to aggregation, but because this structure Is 
not Infectious In this wa^ it cannot spread from one anUral to another. (Q Drawing of a cross-beta illannenti 
a common type of protease-reslstant protein ^ggrogate found in a variety of hunnan neurological diseases. 
Because the iiydrogen-bond interactions In a p sheet forra between pol^ptlda backbone atoins (see ^re 
3-9), a nuniber of dKferent abnormally folded prtxelns can produce this structure. (D) One of several 
possible models for the conversion of Prf* to PrP^, showing the Ukety change of two oc-he5ces Into four 
P«sQ:ands. Althou^ the structure of the normal protein has been determined accurately, the structure of the 
infiBCtlous form Is not yet laiown with certainty because the aggr^tion has prevented the use of standard 
structural techniques. (C, courtesy of Ljoulse SerpeQ, adapted from M. Sunde et al,JL MoH fitaL 273:729-739, 
i 997; t% adapted from &B. Phebien Irendr Bitocfiem. ScT. 21 :482'487, 1 996.) 

animals and humans, it can be dangerous to eat the tissues of animals diat con- 
tain FrF*, as witnessed most recent^ by the spxead of BS£ (commonly tdterred 
to as &e '^nad cow disease") from cattie to hunans in Gieat Britain* 

Fortunately, in &e absence of PrP*» PrP is e^ozdinarily dif£cult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 't>xotein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this ch^ter that many different types of chemical reac- 
tions are required to produce a propedy folded protein from the information 
contained in a gene (F^ure &-90). The final level of a properly folded protein in 
a cell therefore depends upon die ^ciency widi which each of the many steps 
IS performed. 

We discuss m Chapter 7 that cells have the ability to change levels of 
dieir proteins according to their needs, hi principle, any or all of the steps hi Fig- 
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I INITIATION OFTRANSCRlPTtON. 




ELONQATtON 
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iixe6~80) could be leguiated by &eceU for each indMdualpxoteixLHow^ 
we shall see ia Gbe^ter 7, the initiation of transcr^tion is die most conunon 
point for a cdl to regulate the egression of each of its genes. Hiis makes sense, 
inasmuch as the most efficient vray to keep a gme from bdng expressed is to 
block the very first-step— the tianscription of its DNA sequence into an RNA 
molecula 

Summary 

the tmnslatiott ofthenudeoMe sequence ofm mSNA molecule into protein takes 

placelnthei^plasmonalar^rlbonudeafmteinassembfy 

amino adds used for protein syn^tesis are first attached to a fiunify of tRNA 

molecules, eadi of which recognizes, by complementary base-pair interactions, par- 

ttcular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 

Uie mRNA is then read from one end to the other in sets ofUtree according to 

gsneticcode, 

initiate translation, a small ribosomal subuntt binds to the mRNA molecule 
at a start codon (AUQ) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subuntt binds to complete the ribosome and begpi the dongation 
phase of protein syn^iesis. During this phase, aminoacyl tRNAs-^each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNAanttoodon, Each amino add is added to the 
O-termtnal end of the growing polypeptide by means of a cyde of three sequential 



Hgure 6->90 The production of a 
protefn by a eucaryotic cen.The final 
love! of each protein in a eucaryotic cell 
depends upon the efRdenc/ of eadi step 
depicted 
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RgU^fi 7-5 Six st^s at which 
eucaryotic gene expression can be ' 
controlled* Controls that operate at 
steps I throu^ 5 are discussed ip this 
chapter. Step 6, the resuladon of protein 
activhy.lndudes reversible acdvation or 
inactivatlon by protein phosphorylation' 
(discussed in Chapter 3) as weS as 
irreverslbte inacdvation b/proteolytlc 
degradation (bussed in Chapter 



Gene Expression Can Be Regulated at Many of the St^s 
In the Pathway from DMA to RNA to Protein 

If differences among the various cell types of an organisin depend on the partic- 
ular genes that the ceDs express, at what level is the control of gene eispiessipn 
exercised? As we sm in the last chapter, there are many steps in Ae palixway 
leading from DNA to pioteu^ and all of them can in principle be legulated. Thus 
a cell can control the prot^ it makes by (1) contiollmg vuhen and how often a 
ghrengente is tEansczibedCtradseriptiGiial control}, (2) controlling how the RNA. 
transcript is spliced or otherwise processed (RNA processing control}* (3) 
sdecting which completed mRNAs in the cell nucleus are e3q>orted to the cytoscd 
and detenniimig wlsere in the cytosol they are localized (RNA transport and 
localization control), (4) sdecting v^diidi mBNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) sdec^ively destabilizing certain mRNA 
molecules in the cytoplasm OoORNA degradation contia|)« or (6} selectively acti- 
vating, inactivating, degrading, or con^iartmentalizing specific protein 
molecules after they have been made (protdn activity controO OFlguie 7-5). 

For most genes transcriptional controls aie paramount This makes sense 
because of all the possible control points iQustcated in Figure 7-5, only tran- 
scriptional control ensures that tiie cell vwll not syntiiesize superfluous inteime* 
diates. In the following sections we discuss tiie DNA and protein components 
that perform tiiis ftmction by regulating the initiation of gene transcription. We 
shall return at the end of die duipter to tiie additional ways of regulating gene 
eatpression. 

« 

Summaiy 

The genome of a cell contains in Us DNA sequence the inJbrmaUm to make mmy 
thousands of different protein and RNA moleades. A ceU typically expresses only a 
fraction of its genes, and the different types of cells in multtcOluIar organisms arise 
because different sets of genes are ej^ressed Moreover, ceUs can change the pattern 
of genes they express in response to changes in their environment such as signah 
from other ceBs* AUhou0i aU of the steps involved in aqtressing a gene can in prfn- 
tiple be regulated, for most genes the initiaOon of RNA transcription is the most 
.important point of control 



DNA-BINDING MOTIFS IN GENE REGULATOKY 
PROTEINS 

How does a cell determine vdiich bf its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
toUed by a regulatory region of DNA relatively near tiie site where transcription 
begins. Some regulatory regions are simple and act as switches that are throvm 
:by a singje signal. Many others are complex and act as tiny microprocessors, 
responding to avariety of signals fliat they hiterpret and integrate to switch flie 
neighboring gene on or off. Whetiier complex or simple^, tiiese switching devices 
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occur in the genn line, flie ceU linedge that gives il^ 
the DNA in vertebrate germ cells is inactive and h^bly methylated. Over long 
periods 6f ' evolutionary timei the metiiylated CG sequences in diese inactive . 
regions have presumably been lost through spontaneous deamination events 
that were nt)t property repaired However promoters of genes that remain active 
in the germ cell lineages ' (including most housekeeping genes) are kqpt 
unmethyiated, and theiefbie spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired Sudi rei^ons are preserved in modem day 
vertebntte cells as CGisland&Inaddidon^anymiitationof aCGsequencein the -'iliniIiTiiti 
gehomethat destroyed the funcdonor regidationof ageneinthe aduitwouldbe 
selected against and some CG islands ate simply the result of ahigh^ dianjaor- 
mal density of cridcal CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus^ presumably, of 
genes. The presence of CG islands often provides a conv^ent vray of idendfy* 
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methylation of 
most CG S6(|iianees 
IngsrmBne 
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many nnnUons of years 
of evolution 
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Summary 

The many types ofceUs In aninuOs and plants are created Ua^lyflmu^meeha- 
nisms that cause d^fkrentgmes to be transcribed in different ceils. Since many 
specialized animal cetOs can maintain their unique character ^trough many cell 
diinsion cycles and even when grown in culture, ^ gene r^ukttory mechanisms 
irfoolved in creating them must be stable once established and heritable when the 



Bacteria and yeasts provide unuaialfy accessible modd sysUms in which to study 
^ner^;fdaU}ryrtteduinisnts,Oriesuchrnedutraisminvaivesacorn^ 
tionbentfeentwogener^latorypnaeins,eaaiofwhk^ inhibits thesynOiesis of the 
other; ^is can mate afiip-fiqp switch ^t switdtes a ceU between two ditemative 
patterns of gene expressiotu Director indireaposiOvef^dback loops, which enable 
gene regtdatoryptoteins to perpetuate ovmsynOte^ provide agenerul medt^ 
anismjbr cell memory. NegaHvefiedbaek loops widi programmed ddaysfbrm the 
basis ftrcellufar clocks. 

Ineucaryotes^tramcriptionofag^ne^generalfycontroUedbycondilnatiof^ 
ofgBrier^daSotyprotBin5.Itisthou^thateach typeofceUinah^hereucaryotic 
organism contaSns a speelfle combination of gene regulatory proteins that ensures 
the expression of only Otose genes appropriate to that type of cell A ^iven g0ne regu- 
latory proton may be actWe in a varied of circumstances and typically is involved 
in die regulation of ntany genes. * 

InaddttiontodiffttsUaegBnereg^latory proteins, inherited states of dimmatin 
condensation are also used by eucaryoUc ceUs to regulate gene expression. An espe- 

mam- 



mainly as a device to rdnprce decisions about gene expression that are made ini- 
tialfy by oUier mechanisms. DNA me^laUon also underlies the phenomenon of 
gIBnomic iniprinting in mammals, in which die expression of a gene depends on 
whether U was inherited from Ifte mother or the fa&m. 




CG island 



Figure 7-^ A mechanism to exfilain 
both the maHced overall deficieniey 
of OG sequences and tiieir clustering 
Into CG islands In.vertebrate 
gen'dmes. A Uadc fine qiarks the location 
of ft CG cBnudeotf de in the DtsiA 
sequence, while a fetfiolllpop** bidicates 
the presence of a m^diyl gnnip on the 
CG dimideotide. CG sequences that He In 
regubeoiy sequences of genes that are 
transcribed in germ odls ars unmediylated 
and therefore tend to be retained In 
evoIudan.Mejthylued CG sequences, on 
the ofher hand, tend to be fostthrou|jh 
deamfaiadon of 5-mtihyl C to T unless the 
CG sequence b criOeal for survlvd. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene escpiession could be 
controlled. Indeed, one can £bad examples of each type of r^;uladon, although 
any one gene is likety to use only -a few of them. Controls on the initiation of 
gene transcription are die predominant form of regulation for most genes. But 
od&er controls can act later in the pathway from DNA to protein to modxdate 
die amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesiSi are less common dian transcriptional control, for 
many genes they are cruciaL 
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CHAPTER 29 
llegulation of transcription 



X\tc phenoiyplc dilTvrenm Ukii iSiMiuguish the 
f^fi'ous kuuts or ivUs in n higher viifenrvule are 
largely due to' flIO«rfciir«s'$ii the exprifsslon of* 
^nes tlinl code fnr pruiems. thn( is. Xhosx tran« 
5crib^rf hy RNA pijlyiwrnsi* H. lii principle, ilw 
^^cpresslon of thta^ ^senw iiiipUl litr re^ulaWd ai 
any OMC of sirvt'i'al .slii^trs. Tlie concept of the 
-Ifvcl or conlrot' impiie^ lUnt genr cspression 
' is dol necessarily an autUTiiaile process oner it 
bas begun, ii could in* rr^iilaltrd In' a gene- 
ipecinc u*2iy at any oi^e or .several sequential 
steps. ^Ve can di.^Uiifiu5lft (ni \tHM) tivt potcii- 
ilat control pfl flits, fnrfnfii^ ilie series: 

Actn'atioii or pinv siniruiiv 
i 

liiillAlidn «f trans mpiicii) 
i 

PkvcvfSiiig tlx* iniiii^U'jpi 
I 

1*rat)5poit to c^'koplnsm 
1 

TrAtiSihilfiMi nr inHNA 

Ttie exIMciire of Ihr firsi Mcp is Iniplird tty 
ilie tMsviw^ry Ihtit £iet\¥Si umy ryisi In dih«r 
tivi» stnivitinil coniUiiuiu. HHmivr ii> ih« state 
of most of lite £rnfinie, t^eiies ore foviid ilt 
mi -adhv* stale in the ctflls In >vriU*li they 
m <r):pr^ssed (see Chapter aij. Tlw change ot 
.urucitire \% disUnci fnnn ihc tici oC irnnscrip* 
iioo« and indicates (l»al the g^ene is Iranscrib- 
able." This suggests that acquisition of the 
"active* structure musi be the first stq> in sent 
expression. 

Transcription of a 0cne In the adive state is 



comrolled ai the stagr of imiUiiion. that Is. hy 
the iiUrractian of RNA polymerase \vith its pni- 
moter. Ilils Is m\r becoming susrt*ptihle to 
dnMysis In (Ike /// ritro $.v$ie.ixis Xsfr Chnptcr 
2H}. For tuosl fcnes. this \k a malnr control 
pohu: prol»b1y it is the most cmnmoii le\'el of 
regulation. 

There is at present no exidence for control 
at subse<(ueni stages of iraiiscrtpiion in eiikary* 
otic cctts» for example^ via antiterralnation 
mechanisms. 

The primary transcript Is niodihed by capping 
at ibe 5" end. and usually also hy polyadenyla* 
tion at the X end. httrons must Ik spUccd out 
fruhi the transcripts of intemtpted genes;. Ttte 
mature ANA nuist be cNpoilcd from the nucleus 
10 liie c>ioplasm. RepUation of gene expression 
by sHectlnn of seftuences at the Irvd of nuclear 
UNA mi{!U) involve any cu* all oC these stages, 
hut the vnc for wiiidt we have most evidence 
concerns ehanges in splicing: some genes are 
expreSRed 1^* means of ntieniniivv splicfng. p«l<- 
tents iWiosv regulittton cinitrola Oie lype of pro- 
tein producl (see Chapter 30). 

Finally. Ihr pmnslntinn of an ntllNA In the cyto- 
plasm can be specHleally controlled. There is iitde 
evidence Tor the cinployineiit of Ihls medianl.sm in 
adult suntatfc cells. Ini| it dnes occur in some 
emiiryt»nic sliuations, as descnl)ea lii 'Chnpter 
-*The ntechonUm is presutni*d to uivolve the block- 
ing of fnliiatfon of iranslailpii of some mRN.As by 
specific protein factors. 

But having acknowledged thai control of gene 
expression can occur ai multiple singes, and 
that production of RNA cannot inevUably be 
equated itlth production of protein, it Is clear 
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that Ihe ovenvbeiming * majorii/ or re^latoiy 
. events occur at the mitiolion of uanscription. 
ReguIaUon of ttssue^qiecinc gene u-anscriptidn 
Ues at the heart of eulcaiyotic differenlialion; 
Indeedi we see examples in Chapter 38 in 
which proteins lhat regulate embzyonic dcvel- 
opmeni prove to be Iranscriplion Taciors* X reg- 
ulatory transcripilon factor serves to provide 



common control of a large number of-tar^t 
genes» and we seek lo ans%ver two quesUans 
about this mode of regulation: wh^t tdeiitiries 
the common target genes to the transcripiioA 
radon and how is the activity or the ircinscdp* 
tion. factor iiseir regulated in response to imrin- 
sic or extrinsic ^gnols? 



Uesponse ehimenls idcnlily genes under common 
regulation 



The principle that emerges from characterizing 
groups or genes under coraman tronirol is that 
they share a piwnoier eieinenl that is recogniztd 
by a ngftUuoo' irttnsoiption factor. An element 
thai causes a gene to respood lo such a factor 
is called a 'response element; examples are the 
HSE (heat shocX response element), QBE 
(ghECoeorticoid response dement), SRE (serum 
response element). 

The properties oT some inducitde transcription 
racibrs and tlie etemenU that tbef recognize are 
summarized in. Table 29.1. Besponse elements 
have the same genera! characterisUcs as 
upstream elemenu of promoters or cntianceis. 
Thc^r contain short consensus sequences, and 
copies or the response etements found in dif* 
ferent genes are tlos^ related, bat not neces- 
sarily IdcnticaL The region bound hy the factor 
extends Tore short distance on cither side of 



Table 29.1 lncJuci:;5e Uanscf:pi.on feelers bind ic 
TCSporiaU cluinsnis lha( Idc-nt.fy G^ci^ps cf promcieis 
Of cihancsrs CLfcjeci id coc.'dino:s ecru ci. 
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the consensus sequence. In promoters, the etr* 
men Is are not present at Uxed distances rrom 
the startpoint, but* are usuatly <200 bp upsiresm 
or II. The presence of a single element ustjallr 
Is suflldem to confer ihe-regnlatoiy reqioas^* 
but aometimes there are mtdtlpte copies. 

Kesponse elements may be located, bi 
moters or in esthancei^ Some igrpcs of elemciw 
are ^pically Hound In one ralher than the ethf. 
usually an KSB Is ibund In a promoter, «rlule * 
ORE is found in an enhancer. We asstime 
aU response etements function by the 
general principle* A gene is nutated k^' " 
sequence at die promoter or enhancer ^ f 
neognized py a specie protein. The P'*""* 
JUncthms as a transaiption factor needed fi^ 
IUV:i pofywerasc to initiate.^ Active protein ^ 
aoa(ial>ie only under condiltons when the, gf^ ^ 
to be exprtsstd; its absence msans that thi 
motet' is not aetioated by this partiadar ^ 

An example of a situation in which o*-^ 
genes are controlled by a wngle factor is ^^^^ 
\1ded by the heat shock response. This i* ^^'^ 
mpn lo a wide range or prokoryo*^ * 
eukaryoles and involves multiple conl»«**^^^ 
gene expression: an increase in t««^P^'*"|,^ 
turns olT transcription of some genes. ^^^^^^ 
transcription of the heat shock 6^'^Ujt.^ 
causes changes in the translation of 
The control of the heat shock genes ^ 
the dllTerences between 'prokaiyoti^ 
ettkaryotlc modes or controL In.bactena. ' 
Sigma factor is synthesized that (^''^'^^r'' 
polymerase holoen^me lo recognize aik 
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Abstract 

Background: Prostate stem cell antigen (PSCA) Is a recently defined homoiogue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mKNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHQ and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic Intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues. Including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitativeiy scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then .compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade» 
climcal stage and progression to androgen-independence in Pea. 

Results! In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
tndependence (p < COS, respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA ma/ have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer inaeasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatasei glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [ 1 ] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino add glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of theThy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRMA in 
situ hybridization {ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20], pros- 
tate intraepithelial neoplasm (PIN« n = 20) and prostate 
cancer (Pea, n ^ 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independenee. 

Materials and methods 

Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 3 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen>independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/O.l M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affm. All paraffm blocks examined were then cut into 5 
(im sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H£iE- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score (2]. 
Hie Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures (3,4). 

ImmunoMstochemlcal (IHC) analysis 
Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to miaowaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
Oiina) with a 1 :100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminoben2idine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA In situ hybridixation (ISH) 

Five-^m-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% dtric add) for 20 min at 37.5 °C, and farther proc- 
essed for ISH. Digoxigenin-Iabeled sense and antisense 
human PSCA RNA probes (obtained firom Boshide, 
Wuhan, China) were hybridized to the sections at 48'*C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37 " C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 k SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5'C for 1 h followed by washing In 1 k PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 "C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table 1: Correlation of PSCA expression with Gleason score 



Intensity » frequency 



Gleason score 



0-6 (X) 



9(X) 



2-4 
S-7 
8-tO 



5(83) 
19(79) 
5(28) 



1(17) 
5(21) 
13(7^ 



Table 2: Correlation of PSCA expression with clinicaJ stage 



Intensity ^ frequency 



Tumor stage 



0-6 (%) 



9(%) 



27(67.5) 
2(25) 



13(32^) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring meOiods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring mannets are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded £ishion. For each section, five areas of similar 
grade were analyzed semiquantitattvely for the fraction of 
cells staining. Fihy percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being die 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 « no staining; 1 s posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
(1,5]. In this way, we were able to differentiate spedmens 
that may have had focal areas of inaeased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH spedmens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein e3q)ression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we deteaed weak or negative expression of 
PSCA protein and mRNA {<Ji scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of U (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Suong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 1 1 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffm -embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 
Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-diffeientiation [7]. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particulariy prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression inaeases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
inaeases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen^ 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9)/ compared with 
three out of eight (37.5%) of patients with androgen- 
dependcnt cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA Immunostalnmg and mRNA m situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4)' suggesting diat this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonsuate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of conelation between PSCA protein 
and mRNA expression. 



Page 4 of 7 
(page number not fordtaVon purposes) 



Worfd Journal of Surgicai Oncology 2004, 2 



http://www.wjso.oom/confent/2/1 /1 3 




Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining. B. ISH staining, x200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. Aj, B^: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant ceils; Aj: IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A3, Bg: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in alt malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment, PSCA mRNA expression is prostate-specific in nor> 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografb 
(LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-reguiadon of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
ei al 1 1 J, using ISH analysis, reported that 9 7 of 1 1 8 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surfece expression of PSCA protein in 
Pea cells [9]. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is aaually from the overlying 
cell membrane [Sj-lhese data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation], 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9), who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse prediaor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
[11] used RT-PCR detection of PSA, PSMA and PSCA in 1 
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ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PGR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12] reported that elevated numbers of 
PSCA -I- cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or dinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 |1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al [ 1 8] reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC eoamplification in Pea. Gu Z 
et al [9] recentiy repoiteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. Watabe T et al 1 19] reported thai transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
|2l]. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal {i.e. 
anti-apoptosis) and/or proliferation [1]. Taken togetfier 
with die results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell sur&ce antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summaiy, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregjulation of its mRNA transcription. Ihe results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Translafion tnitlaftion is regulated bi response to 
nutrient ^flabBlly and mftogenlc stimulation and Is 
coupled with cyde progression and ceO gmwtii. 
Several attaratlons In tnnisiational control occur In 
cancer. Vaifeait mRMA sequences can alter the 
transtolionai efficiency of Imfividual mRNA molecules, 
which in turn play a role In cancer biology. Conges in 
the expression or avaltebUlty of compiMients of the 
tmnslatlonal mac^eiy and In the activation of 
translation through signal trensductlon pathways can 
tead to more global changes, such as an incraaso in 
the overil rata protein synthesis and transCaflonal 
adhratimi of flie mRNA molecules bivolvod In cefl 
growth md prolffieratloa We review the basic 
prbM^des of translational control, the atteraflons 
encountered In cancer, and selected therapies 
targetbig translation Inlfiailon to help eluddata new 
therapeutic aveiiues. 

Introduction 

The fiindamental principle of molecular therapeutics In can- 
cer Is to exploit the dtfTersRces In gene expression between 
cancer cells and nonnal c^ With the advent of cDNAanay 
technology, most efiorte have concentrated on identifying 
differences In gene expression at tfie level of mRNA, which 
can be attributable either to DMA amplificatJon or to differ- 
ences In transcription. Gene expression Is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of tr^islational ragutation has t>een best recog- 
nized among devebpmental biologists, because tnanscrfpiion 
does not occur In early embryogenesis In eukaiyotes. For ex- 
ample, In Xenopus, the period of transcriptional quiescence 
continues untfl the eml>ryo reaches midblastula transition, ttte 
4000-ceK staga Th&efore, all necessary mRNA molecules ate 
transcribed during oogenesis and stockpBed In atraislationally 
inactive, masked fomn. The mRNA are banslaSonally activated 
at appropriate tfrnes during oo(^ inabjrattoti, fertiltotion, a^ 
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earfy embryogene^ and thus, ana under strict IranslaUonal 
control. 

Translation has an established role in cell growth. Basl- 
caity, an Increase In prot^ synthesis occurs as a conse- 
quence of mitogenesls. Until recently, however, little was 
known about the alterations In mRNAtranslatkMi in cancer, 
and much Is yet to be .tfiscovered about thdr role In the 
development and progre^on of cancer. Here we ren/tew the 
basic principles of translational control, the alterations en- 
couritered in cancer, and selected therai^ targetbig transla* 
tion Initlatlo'n to elucidate potential new therapeuSc avenues. 

Baste Prfndpies of Translations^ Control 
Af ecftaffism of Tfansfdifon inmthm 

Translation IniHatkxi Is the ma&) step In transtaUonal reguUon. 
Translation Nttertkm is a conriplex proce^ In wtych the Initial 
tRNA and the 40S and 60S ribosomal subunlts are recadted to 
the 5' end of a mRNA niotecule and assembled by eukaryotic 
transiatkm Utitiation Actons nnto an 808 ribosome £ft U^ 
codon of the mRNA (Fig, 1). The 5' end of eidcaryolfc mRNA Is 
capped, /.a, oqntate the cap stnx^ m^G^^^ (7-mett)yl- 
guano6inelri)phospho-5'Hlbonucleoskle). MoA translation In 
eulGaryotes occurs fti a cap^lependent tehion, /.a, the cap is 
spedfteally rBcognized by tt» elF4^* wMch bftids the 5' cap. 
The elF4F translatfon Initiation complex Is then formed by the 
assembly of elRE, the RNA heficase elF4A, and elF4Q, a 
scaffbWIng protdn that mediates the binding of the 40S ribo- 
sontal subunit to the ml=^ rnolecuie through InAerectlon 
the e!F3 protein pnssent on the 40S ribosonra. elF4A and elF4B 
partidpate in inen^ the secondary stnjcture of the 5' IJm of 
the mRNA The 43S Inftiaflon complex (40S/felF2/M^-tRNA/ 
GTP comf^^O scans the mRNA in a 5'-»3' dffBctlon until ft 
encounters an AUG start codon. This start codon Is then base- 
pained to the anticodon of Inftlatw tRNA, fbnnlng the 48S InW- 
atk>n conrtplex. The miHation factors are th en displaced from the 
48S complex, and the 60S ribosome Joins 1o fbnn the 80$ 
ribosoma 

Unlike most eutoyotic translafflon, translation InltlaOon of 
certdn mRNAs, such as the plcomavlnis RNA, is cap inde- 
pendent and occurs by intemal rftx)some «Ttry, This mecha- 
nism does not nequIrB clF4E. Bther the 43S complex can bind 
the initiation codon directly through interoctkm with the IRES In 
the 5' UTR such as In the encephalomyocanJrtis vlmSto or It can 
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Binding of eIF4F complex to 




Umvmduig of seoondaiy smietuie 
and fonnatioa of 48S 




fl9.?. IVmlallan kdtiBHon in eukaiyotes. 
phoiyJatedtoreteasoelF4E$othatacan Uvteract 
^FbiftiaUon complex b esoembled interaction of poly^ b&idlng 
pmtein with thebiUlatfon complex and dtudarfzation of the mRNA bnot 
depleted !n the dlagrant The secondary stiucture of the 5' Ura Is mett^ 
the 40S rtbosomat sutHJnlt Is bound td elF3, and the ternary complex 
oonsistftig of elF2, OTP. and the Met4fmarerecndiodtolha mRNA.Tha 
rO)osome scans the mRNA in a 5'--»3' dfrectton unta an MK3 start oodon 
l8 found in the approprtate sequence context Tho Initlaton feotors are 
naleased, and the larQe rbosomal aubunlt is reciuiM. 



Initially attach to the IRES and then reach the friitfetion codon by 
scanning or tnansfer, as Is the case with the pollovinis (1). 

ReguMton of Ttanstation IniUaUon 
Ixei^Wm Initfatlon 6an be regulated by alterations in tite 
expression or pho^horyTatlon status of the various factors 
irn^crfved. Key components In tmnslational regulation that 
mey provide potential therapeutic targets fbllow. 

eiF4E. elF4E plays a central role In translation regulation. 
It Is the least abundant of the Initiation factors and is con- 
sidered the nate-llmltlng component for InWatkm of cap- 
dependent transtecHon. elF4E may also be Involved in mRNA 
splidng. nriRNA 3' processing, and mRNA nucteocytopias- 
mfc transport C^. elF4E expression can be Increased at the 
transcriptional levet in response to serum or growth factwe 
(3). elF4E overexpresslon may cause preferential translation 
of mRNAs containing ^cesslve secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



latfonal machinery and thus are Inefficiently translated (4-7). 
As examples of this, overexpresslon of elF4E promotes In- 
creased translation of vascular endothelial growth tactor, 
fibroblast growth fector-2, and cydln 01 (2, 8, 9). 

Another mechanism of control Is the regulation of elF4E 
pho^ahorylaBoa e1F4E phosphorylation Is mediated by the 
mHogen-activated protein Wnase-Interacting kinase 1 , which 
Is activated by the mftogen-actlvated pathway activating 
extracellular slgnal-nelated kinases and the stress-aitivated 
pathway acting through p38 mitogen-activated prot^ ki- 
nase (10-13). Several mitogens, suc^ as senim, platelet- 
derived growth factor, epidermal growth factor, insuHn, 
anglotan^ II, sro Idnase overexpresslon, and ras over* 
expresston, lead to elF4E phosphorylation (14). TTie phos- 
phorylatton status of elF4E Is usually conirfated with the 
translatfonai rate and gnowtti status of the ceil; however; 
eiF4E phcKsphorylatlon has ateo been observed bi response 
to some cellular strssses when translational rates actually 
decrease (IS). Thus, flrrttier study is needed to understand 
the effects of elF4E phosphorylatkm on elF4E activity. 

Another mechanism of regulation Is the alteraHon of e!F4E 
avallabirrty by the binding of eIF4E to the eIF4&.bIndlng pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete with 
elF4Q for a binding site in eIF4E The binding of eIF4E to the 
best characterized elF4E-blndlng prot^, 4E-BP1, is regu- 
lated by 4E-BP1 phoephoryiattoa Mypophosphprylated 4E» 
BP1 binds to eiF4E, whereas 4E-BP1 hyperphosphorylatton 
decreases this binding. Insulin* angiotensin, epidenmal 
growth factor, platelet-derived grovirth factor, hepatocyte 
growtfi factor, nerve growtti factor, InsuRn-lIke growth factors 
I and U, Interteukln 3, granulocyte-macrophage cdony-stim- 
utating factor + steel factor, ga^n, and the adenov^ hove 
all been reported to Induce phosphorylation of 4E-BP1 and 
to decrease the dbBHy of 4E-BP1 to bind eIF4E (15, 16), 
Conversdy, deprivation of nutriente or growth factors results 
In 4E-BP1 dephosphorylation, an increase In elF4E binding, 
and a decrease In cap-dependent translation. 

p70 S8 Kinase. Phosphorylatton of ribosomal 40S protein 
S6 by S6K Is tiiought to play an Important role In translational 
regulation. 86K mouse embryonic celte prollfeiate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proOferaHon (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
o^yitrtMne tTBKrt (5' TOP) found at tiie 5' UTR of ribosorr^ 
protein mRNAs and otiwr mRNAs codng for components of 
the transtetional n»chJnery. PhosphorylaHon of S6K te regu- 
lated In part based on the availability of nutiiarits(1Q, 1S)andis 
stimulated by several growth tetora, su^ as p^et-derKfed 
growth factor and InsuBn-nke gnjwtti factor I (20). 

elF2a Phosphor^ation. TTie binding of the Initiator xmk 
to the small ribosoma) unit Is mediated by translatk>n Initia- 
tion lactor elF2. Phosphorylation of the o-subunlt of elF2 
prenmts fonration of the elR2/anVhtet-tr^ c^ 
Inhibits global protein synthesis (21, 2^. elF2a Is phospho- 
rylated und^ a variety of conditions, such as vIibI Infection, 
nutrient deprivation, heme deprivation, and apoptosls (22). 
elF2o is pho^oryfated by hOTenregUIated Inhibitor, nutrient- 
regulated protein kinase, and the IFN-lnduced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 
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The mTOR Sgnaling Pathway. The macrollde airtiblotro 
rapamycbi Prallmus; Wyeth-Ayerst Research, Conegevflre, 
has been the sutiject of intensive study because ft in- 
hibits signal tansducUon pathweys involved In T^oefl actlva- 
tfon. Hie rapamycin-QensHlve component of these pathways 
Is mTOR (also calfed FRAP or RAFTI). mTORtethe mam- 
malian homologue of the yeast TOR protons that regulate 
progiBSslon and translation In response to nutrient avanabil- 
Ity @4). mTOR Is a serine-thiBonlne kinase that modulates 
translation Initiation by aftertng the phosphoiylatlon status of 
4E-BP1 and S6K (Fig. 2; Ref. 

4E-BP1 is (rfiosi^ioiyiated on multiple resl^^ 
phwyfertestheThr^ and Thr-4e resldires of 4E-BP1 in vitro 
(26); howevn-,phos{3horylatfon at these not assodated 
with a loss of ^P4E blndlr^ PhosphorytaHon of and 
Thr-46 Is required for subsequent phosphorylation at several 
COOHrtemrilnal/serimveensltlve ^les; a comt^nation 
phosphoiylafion events appeals to be needed to itMOt 9ie 
bMing of 4&BP1 to eF4e(2g>.The pnxluct of the>\7M gwie, 
P38/MSK1 pathwe^, and protein Idnase Oct also ptay a mle In 
4E-BP1 phosphorytertfon ^7--29). 

S6K and 4E-BP1 are ^o regulated. In part by P13K and Its 
downstream protein kinase Akt PTEN is a phosphatase tiiat 
negatively regulates PiSK signaling. PIEN nuD ceils have 
constitutively actlva of Akt, with increased S6K activity mJ 
Se phosphnylaHon (SG). S6K acUvRy is inhibited both by 
Pf3K inhibltoiB wortmannin and LY294002 and by mTOR 
Inhibitor rapanrrycfri (24). Akt phosphorylates Ser-2448 In 
mTOR /n vftro, and this site is phosphorylated upon Akt 
acthraflon in vivo (31*-33). Thus, mTOR Is regulated tiy the 
PI3K/Akt pathway; however, this does riot appear to t)e the 
only mode of regulation of mTOR acth%. Whether the R3K 
pathway also regulates S6K and 4E-BP1 phosphorylatbn 
Independent of mTOR Is controversial. 

InteresHngly. mTOR autophosphoiylafion Is blodwd by wort- 
mannin but not by rapamycin (3^. Thfe seeming Inoonsfe^^ 
suggests that mTOR-responsIve regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than Intrinsic mTOR 
kinase activify. An alternate paOiway for 4E-BP1 and 86K phos- 
phorylation mTOR ac«\% Is by the InhlbWon of a phosprfia- 
tasa Treatment with calyculln A, an Inhibitor of phosphatases 1 
and 2^ reduces rapamycln-induced d^hosphorylation of 4E- 
BP1 and S6K by rapamycln (35). PP2A Interacts with fufi-length 
S6K but not with a S6K mutant that is resistant to d^ospho- 
rylation resulting from rapamyda mTOR phosphorylates PP2A 
JSn vitro; however, how this process alters PP2A activity Is not 
known. These resulte ffiie consistent with the model that phos- 
phoryfation of a phosphatase by mTOR pnevente dephospho- 
rylaHon of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rtvatton and rapamycln bk)ck lRhib!tk>n of the pho^>hatase by 
mTOR. 

Poiyaderwiatloit The poly(A} tall In eukaryotic mRMA is 
Important In enhancing translatton Initiation and mRMA ste- 
blilty. Polyadenylation plays a key rde In regulating g«fie 
expression during oogenesis and early embryogenesls. 
Some mRMA that are transiationally inactive In tiie oocyte are 
polyadenyiated concomitantly with translational activation in 
oocyte maturation, whereas other mRMAs that are transia- 
tionally active during oogenesis are deadenyiated and trans- 
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lattonally silenced (38-38). Thus, control of poly W tell syn- 
the* Is an Important r^atory step in gene expres^on. 
The 5' cap and poly(^ tall are thougW to fiincllon synergis- 
tlcaily te regulate mRMA translattona! efficiency 

RMA Packaging. Most RMA-blndIng proteins are assem- 
bled on a transcript at the time of transcrlptloh, thus deter- 
mining the translational fate of the transcript (41). A hlgWy 
conserved family of Y-l>ox proteins Is found in cytoplasmte 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recniitment of 
mRNA to the translational machinery (41-43). The ma|or 
mRNA-assoclated protein, YB-1, destabilizes the interaction 
of elF4E and the 5' mRIMA cap In vfto, and ovenexpression of 
YB-1 resiAs in translational repression in vivo (44). Thus, 
^mtions in RMA packaging can also play an important role 
in translational regulation. 

Tfwistation Altoralions Encountered in Cancer 

Three main aHeraUons at the translatfonal lev^ occur In cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes In the ©gxesston or avallabaily of 
components of the translational machinery, and activation of 
tianslatkm through abenantly activated signsd transduction 
pathways. The first afteratbn aftecte the transtalkm of an ind^ 
vWual mRIsiA that rnay play a rote In carcinogenesis. The sec- 
ond and thfrd aKerattons can lead to more global changes, such 
as an Increase In the overaB rate of protein synthesis, and the 
translational acOvallon of several mFlNA species. 

VarMhns in mmtA Sequence 
Variations in mRNA sequence affect the translational effi- 
ciency of the transcript A brief description of these variatkNis 
and examples of each mechanism follow. 

Mutotioris. Mutations In the mRlsiA sequoice, especial^ 
m the 5' ITTR. can alter ite translational elRdency, as seen In 
the fbltewing examples. 
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o-4»y& S^o eta/, proposed that translation of fulWe^ 
<smyc Is rBprassed, whereas in several BmWtt lymphomas 
that havedeleSonsof the mRNA5' UTR, translatton cfo-myc 
Is more efficient More recentiy, It was reported that the 
S' UTR of o-flvyc contains an IRES, and 0UJS o-fn)« 
lion can tie initiated by a cap-independent as wen as a 
cap-dependent mechanism (46, 47). In patients with multlpte 
myeloma, a C-^T mutation In the omyc IRES was Identified 
(IB) and found to cause an enhanced Inltiatlbn of translation 
Via Internal rit)osomal entry (49). 

BAGAf. AsomaHc point mutation (117 Q^Q In posiOon 
•3 with respect to me start oodon of the BRGAT gene was 
Mmttfled In a hig h ly ag^esslve sporadic Ixeast cancer 
Chlmwlc corwtnicts consisting of the wild-type or mutated 
BRCA1 5' (JTR and a downstream luclferase reporter dem- 
onstratedadecrease in the trandatkmal efficiency with theS' 
UTR mutation. 

CyolliMhpendent Kinase AtfU&Hor Some Inherited 
melanoma kindreds have a <3h*T 1ransy«n^on at base -34 
of cydlnKlependent Mnase inh1bltor-2A, which encodes a 
cycfln-dependent kinase 4/cydln-dependent kfrwse 6 kinase 
InhllJltor Important In ched<polnt regulation (51). This 
mutatk)a,glves rise to a novel AUQ translatkm Inittetton 
codon, creating an upstream op^ reading frame that com* 
petes for scanning ribosomes and decreases tren^aHon 
fiom the wild-type AUQ. 

Anemale SiAdng ml Altematd TranscripUon Stcvt 
^es- Alterations In splidng and aitemate transalptton sites 
cari lead to variations fri 5' LTTR sequence, length, and se^ 
ary stnK:turB, ummateV Impacting transiafo^ 

ATM, The ATM gene has four noncoding exons to its 5' 
UTR that undwgo extensive alternative spQdng (5^ The 
contents of 12 different 5' UTRs that show considerable 
diversity bfi length and sequence have been identified. These 
cflvergent 5' leader sequences play an Important role In the 
translation^ regutatkm of the ATM gene. 

mtkn. In a subset of tumors, overexpresslon of the onco- 
protein mdni2 results In enhanced translation of the/nd^ 
mRMA. Use of differant promote leads to two md^ tran- 
scripts that differ only in their 5' leaders |^). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
ttie short 5' UTR. 

BRCA1. In a normal mammaiy gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence (5'llTRa), whereas 
In sporadic breast cancer tissue, SRC^T mRNA is expressed 
with a tonger leader sequence (5* ITTRb); the translatk}na) 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcripts oont^ning 5' UTRa (54). 

TGF^ea. TGF-fi3 mRNA indudes a 1.1-id> 5' UTR, which 
exerts an Inhibitory effect on translation. Many human breast 
cancer cell Bnes contain a novel TGF-pS transcript with a 5' 
UTRthat lsa^70 nudeotkies shorter and has a7^d greater 
translaQonal efficiency than the nonnaJ TGF^p3 mRNA (56). 

Attemate Po^yadenylation ^tee. Multiple polyadanyl- 
ation signals leading to the generation of several transcripts 
vwUi differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene p6), ATM gene 
(52), tissue Inhibitor of metalk>protelnases-3 (57), RHOA 



proto-oncogene (58), and calmodul)n-i (59). Although the 
effect of these aitemate 3' UTRs on translatton Is not yet 
known, they may be frnportant In RMArproteIn interactions 
that affect trenslatidnai recnjttment The role of these alter- 
atkms In cancer devetopment and progresstoh Is unloiown. 



AtterBtlms In ffie Componenls of the 
Tnm^Oon Machinery 

AKmtkms In the components of translation machine can 
take many forms. 

Ovenejiwesssion of elF4E. Over^xpresslon of eIRE 
caises maignant transfbnnation In rodent c^ls (60) and the 
deregulation of HeU ceil growth (61). Pohmovsky etaL (62) 
fc»jnd that elF4E overexpresslon sidt>st|tutes for serum and 
IndMdua! growth factrn preserving viability of filnoblasts^ 
which suggests that elF4E can mediate both proliferatfveand 
survhffid signaling. 

Bevated levels of elF4E mRNA have been found In a broad 
spectmm of transfonned ceQ lines (63). elF4E levels am 
elevated In all ductal carcinoma fn ^ specimens and Inva- 
de ductal carcinomas, compared with lienign breast spec- 
imens evaluated with Western blot analysts H^, 6^. Prelim- 
Inaiy studies suggest that this overexpBSSlon is attributable 
to gene amplHIcaBon (66). 

There ate aooumulatft^ data su^^est^ that efF4E overBK- 
prasslon can be vialuabfe as a prognostic martoer. elF4E over- 
expTBSSlon was found In a retrospective study to be a marioo- of 
poor prognosis in stages I to m breast cardnoma (67). Verifica- 
tion of the pn^gnostic value of elF4E in breast cmsr is now 
under way In a prospective trial 07). However, In a differ^ 
study, elF4E expression was conelated with the e^gressive 
beliavlor of non4lodgkin's lymi^iomas (68). in a prospective 
analysis of patients vntfi head and neck cancer, elevated levels 
of eIF4E In hIstologicaOy tumor-4ree swglcal margins predicted 
a sig^iiflcantly toeased risk of local-regional recunenoe 
These results all suggest ti^ elF4E oversxpresslon can be 
used to s^ patients vvho ndght benefit from more aggressive 
eysleiTrictfKrBpy. Furthennors. the head and neck cancer d^ 
suggest that elRE overexpnssslon Is afield deliect andean be 
used to guide local therapy. 

AHeratfons fn Other Initiation Factors. AReralions In a 
number of other Initlatfon factors have been associated with 
cancer. Overproduction of e}F4Q, sMar to elF4^ leads to 
malignant transformation In }4lro (69). elF-2a is fbund In 
Increased levels In bronchbloah/eoiar carcinomas of the lung 
p). initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunlt of 
translation Initiation fector 3 is amplified and overexpressed 
In breast and prostate cancer (72), and the elF3-p1 10 suburb 
is overexpressed in testicular seminoma (7^. The rote that 
overexisresslon of these Initiation factors plays on the devel- 
opment and progression of cancer, If any. Is not known. 

Overejqmssion of S6iC S6K Is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, com- 
pared with nomtal mammary epimellum (74). In a study by 
Bariund ef af. (74), S6K was amplified in 59 of 668 (Himary 
breast tumors, and a statistically signlflcanl assodetion was 
obsenfed between amplification and poor prognosis. 
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Ov«!«ximsslon of PAP. PAP catalyzes 3' pol/W syn- 
desis. PAP Is .overQX(»'essed In human cancer cells com- 
pared with nonnai and vlrally transformed cells (75). PAP 
enzymatic activity In breast tumors has been correlated wRh 
PAP proton levels and. In mammary tumor cytosols, was 
found to be an Mep«ident factorfbr piloting sun^val 
UtUe Is known, however, about how PAP expression or ao* 
tivlty affects the tranelatlona] profile. 

Afteratfons hi RNA-blndIng Proteins. Ev^tesslsiaiown 
about dtefBfions fan RhJA packaging in canc^. Increased ex- 
rmss^ and nudear localizBtlon of fhe RNA-tMng protein 
YB-1 ars Indicators of a poor prognosis for breiast cancer ^ 
non-smaD eel lung cancer (78), and ovarian cancer (T^ 
ever, this effbct may be niedteied at least In part at the level of 
transcription, because YB-1 Increases chemc»e^stance bry erv- 
handng the transcription of a iruiltklrugresSstEmce gene 



AsOlyaUon of Signal Transduction Pathway 
AcUvaUon of ^gnal transduction pathways by loss of tumor 
suppressor genes a* overexpresslon of certain tyrosine Idnases 
can oonftrlbuta to the growth and aggressiveness of tumors. An 
lmportant,.mutant In hun^ cancers Is the tumor si^presscr 
gene P7i^ wMch leads to the ^3»vation of tf>e PI3K/^ 
wsy. Activation of PI3K and Akt IiKluces the oncogen^ ti^ 
fbmiation of chldoen embryo tooblasta. The tiansfanyied cells 
^lowconslftutiva phosphorylation of 86K end of 4E^ (91). 
A mutant AM that retains kinase activity but does not phos- 
phc»ylat»S6Kor4E^P1 doesnottnauislbnTilibrcibla^ 
suggests a correlation between the onoogenk% of PI3K and 
Aktand^phos;riiory)ationofS6Kand4E-BP1 (81). 

Several tyrosine kinases such as platelet<lerived growth 
factor, InsulIn-likB growth fector, HGR2/heu, and epidemial 
growth fector receptor are overexpressed In cancer. Be- 
cause these Mnases activate downstream signal transduc- 
tion pathwi^ known to alter translatton In ttlatlon, activatk)n 
of translatbn Is likely to corrtrlbute to the grow^ and aggres* 
siveness of these tumors. Furthermore, the mRNA for many 
of these Idnases thentselves are under translatlonal control. 
For example, HER2/neu mRNA is translationally controlled 
bom by a shc^ upstream open reading frame that represses 
HER2/neu trans^on in a cell type^IndeperKlent manner and 
by a distinct cell type-dependent mechanism that Increases 
translatlonal efficiency (82). HER2/neu trEoislatlon Is different 
In transformed and nomiai celts. Ihus. it Is possible that 
alterations at the translatlonal level can In part account for 
the discrepancy between HEfi2/neu gene amplification de- 
tected by fluorescence fris/bi hybrfdtcBtton and protein levels 
detected t>y immunohlstocherr^ assays. 



Translation Targets of Selected Cancer Therapy 

Components of the translatbn machinery and ^gned patti- 
ways Involved In the activation of translation Initiation repre- 
sent good targets for cancer ttierapy. 

Targeting t/te mTOR Sgnalhtg PaHma^ Rapamycln 
and Tuntstatin 

Flapamycin Inhibits the prbKferaUon of lymphocytes, ft was 
initially developed as an Immunosuppressive dmg for organ 



transpteuitatton. Rapamydn with FKBP 12 (FK508-b}ndIng 
prot^, 12,000) bfiids to mTOR to Inhibit Rs functioa 

Rapamydn causes asmall but significant reduction In the 
Initiation rate of protein syntt)esl3(83). It bkicksceOgrowtti in 
part by blocking S6 phosf^iorylEdlon and sdecttv^ sup- 
presdng the translation of 5' TOP mRNAs» such as ribosomsd 
proteins, and efongation factors ^33-85). Rapamydn also 
blocks 4&BP1 phosphorylation and Inhibits cap-dependent 
but not cap-Independent translation (17, 86). 

The rapamydn-sensltive signal transduction pattiwsy, acH- 
vateddulngmai^n^transfbnnation and cancer progiBsskir^ 
Is now being studied as a target for cancer therapy (B7). Pros* 
tate, breast; emaB ceQ lung. gQcAlastonr^ melanonria, and Th2^ 
leukemki are arming tiie cancer Cnes most sensitive to the 
rapamydn anatogue CCI-779 (Wyefth-Ayerst Research; Ref. 
87). In itiabdomycosaroornacen fines, rapamydn Is eitiiercy^ 
static or (^tockH d^)endlng on the p63 status of tiie celi; p53 
wild^lype 0^ treated virttiire^^arnydnanest In the Q| f^iase 
and meMaIn tiielr.vlal:^, whereas p53 niutant oeQ^ 
latelnQi and undergo ^xptosls (88, 89). In arec^itly reported 
study using human primitive neuroectodermcd tumor and 
medulloblastoma models, rapamydn exhibited mora cytotox- 
icity fri combination witii d^pilaftin and camptotiie^ 
singte agent Ai ito, CCI-779 delayed gnoiwtti Gf 
160% afterl week of therapy and 24096 after2weeks*A8lngle 
high-dose adn^r^straton caused a 37% decrease In tunrxsr 
vdurna GMivth IrMbltkm ^ vto 
ci^^Satin In oombbfiation witi) CC^779 tiian wl^ 

Thus, prec&rted studies suggest ttiat rapamydn ana- 
logic are useful as single agents and In combination with 
chemotherapy* 

Rapamydn analogues CCI-779 and FtADOOl (Hovaitb, 
Basel, Switzerland) are now In dinlcal trials. Because of the 
known effect of rapamydn on lymphocyte protiferation, a 
potential problem witii rapamydn analogues Is Immunosup- 
pressk>n. IHowever, afthough protonged Immunosuf^sresslon 
<5an result from rapamydn and CCI-779 admfritetered on 
continuous-dose schedules, tiie Immunosi^pressive effects 
of rapamydn analogues resolve In ~24 h after therapy 
(91). The prindpai toxicities of CX}l-779 have induded der- 
matotoglcal to)dcity, myelosuppresston, infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, arKi depression (87, 
92-^). Phase 11 trials of CCI-779 have k>een conduded In 
advanced renal ceil cardnoma and in stage lll/IV breast 
cerdnoma patients who felled \Afh prior chemotiterapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses vi&e documented in 
both renal cell cardnoma and In breast carcinoma ^4, 95). 
Thus, CCI-779 has documented preliminary dinlcal activity in 
a prevtoi^ ti^ated, unseleded patient populatioa 

Active Investigettion Is under way Into patient selection for 
mTOR Inhibitors. Sevenal studlte have fbund an enhanced 
efRcacy of CCI-779 In PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer celt lines were 
responsive to CCI-779, although only two of these lines 
lacked P1B4 @7) There was, however, a positive conelation 
between Akt activation and CCI-779 sensitivity (97). This 
conelation suggests that activation of the PI3K-Akt pathwi^, 
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regardless of whettier it b attributaWe to a PTEN mutation or 
to overexpres^ of receptor tyrosine kinases, makes can- 
cer celt amenable to mTOR-directed therapy. In contrast, 
lower levels of the target of mTOR. 4E-BPt, ara asaodated 
with rapamydn resistance; thus, a kywer 4&BP1/eF4e ratio 
may predict rapamydn raslstanca (d8). 

Another mode of activity for rapamydn and Its analogues 
appeaiB to be through Inhibition of anglogenesis, TWs actlv- 
Hy may be both through direct inhibition of endbthelfal cell 
proliferation as areeuit of mTOR Inhibition In tiiesecdls or by 
Inhibition of translation of audi proanglogento factors as 
vascular endothellat growth factor In tumor cells (99, 100). 

The anglogeneste InhlbtttM- tumstatln, another antteancer 
drug currently uncfer study, was also found recently to In^bit 
translation In endothelial cells (101). Through a requisite In- 
teraclton with Integrin, himstatin InhfbHs activation of flie 
PI3K/Akt pathway and mTOR in aidotheliai cdls and pre- 
vents dissodatfon of elF4E from 4E-BP1, thereby Inhibiting 
cap-dependent translation. These findings auggest that en- 
dothelial cells are espedally smfUve to therapies taigethg 
the mTOR-aignaling pathway. 



Tar^^g ^F2oe EPA, dottimaaoofe^ 
and Ravonokb 

EPA Is an n-3 polyunsaturated fatty add found In the fish- 
based diets of populations ha\dng a tow Incidence of cancer 
(102)* S^'A inhibits the prdlferatton of cancer cells (10^, as 
weB as In animal models (104. 10^. It blocks cell division by 
Miibiting translation inillafion (105). EPA releases Ca^^ Irom 
Intracellutar stores while Inhibiting tiielr refilling, thereby ac- 
tivating PKR. PKR, In tum phosphorytates and inha}!ts elF2a, 
resulting in the Ir^lbttlon of protein synthesis at the level of 
transtettkMi Initiation. Similar^, dotrfirtazole, a potent anttpro- 
fiferatlve agent fn vftro and In vNo, inhibits cell growth through 
deletion of Ca^"*" stores, activation of PKR, and phospho- 
lylafkm of eIF2a (lOQ. GonsequenOy, dotrimazde prefererv 
tlally decreases the expression of cyctlns A, E, and D1, 
resulting in bloclcage of the cell cycle in Q^, 

mda-7 Is a novel tumor suppressor gene Ijeing developed 
as a gene therapy agent Adenoviral transfer of (Ad- 
mdaT) Induces apoptosis In many cancer cells Indudlng 
breast, colorectal, and lung cancer (1 07-1 OS). Ad-mda7 also 
Induces and activates PKR, which leads to pho^horylatlon 
of elF^a and Induction of apoptosis (110). 

Flavonofds such as genlstdn and qu^cetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
hQme^ulated inhibitor, and PERK/PEK, are activated by 
flavonolds, with phosphorylatk>n of eif=2a and Inhibition of 
protein synthesis (111). 



Taroemg elFM and alF4B Anifoense RNA 
andPapMaa 

Antlsense expression of elF4A decreases the proRferation rate 
of melanon«cells(112}. Sequestrattonof elF4E by overexpre^ 
slon of 4E-BP1 Is proapoptotte and decreases tumor!genk% 
(113, 11^. Reduction of elF4E with antlsense RNA decreases 
sdt agar growth, increases tumor latency, and increases the 
rates of tumor dot^lrig times (7). Antlsense elF4E Rl^iA treat- 



ment also reduces the express of anglogente facloia (11^ 
and has been proposed as a potential adjuvant then?^ ftNT head 
ml nedc cancel?, ixrticularly vvhen elevated elF4E is found Iri 
surgical nKugfns. Smdl molecde MUoia thA 
4MP1-Wndlng domstfn of elF4e are proapoptotto (11Q and 
are also bdng adlvdy pursued. 



Exploiting SelectsvB nansbtlon for Gene Therapy 

A dlffer»rit theisfjeuficapproadi that takes advarAage of the 
enhanced cap<iependerlttranslalion in canoo- cdls is the use 
Of gene therapy vectors enood^ sddda genes highly 
sinjdured 5' IITR. These ntRNA would thifi beat aoornpetl^ 
disadvantsge In normd cells and not translate wdl, whereas in 
cancer ceils, th^ wouki transtato mom effldentiy. For example, 
tiieinlroduc1kxiaftt»5' UTHoffitxoblaslgrov^f^c^^ 
the codkig sequence of /leirpes d^/ax vfms ()?^ 
Afrisse gene, alkms tor selectto transkiton of 

fype-l Uiyam^e kinase In breast cancer cdl Bnes 
compared vuith rxHrysd mammary cefl lines arKi results in se- 
lective sensitivity to ganddov^ ai7). 



Toward the Riture 

TVanslation is a cnK^d process in every cdl However, severe 
atterattons bi translatkxid oontrd occur h cfuioer. Canwc^ 
appear to need an abenantV acthnlBd transialtond stato Ibr 
siHvlval, thus diowfaig the targeting of tnanda^ 
suprfslngly tow toxk%. Components of the translationd ma- 
chinery, such as dF4E, and signal transduction pathways in- 
volved In translation Initiation, sudi mTOR, represent pnorri^ 
targets tor cancertherai^. Inhibitore of the mTOR have already 
shown some preliminary activi^ In dinlcal trials, it Is possible 
that wtth the development of better predictive marfcere and 
better patient sdectfon, response rates to singl^^agent therapy 
can be Irnproved Similar to other cytostatic e^ferits, however, 
mTOR fnhlbltois are most lOcely to achieve dinlcal utility In 
combination theregjy. In the interim, ow Increasing wKterstand- 
ing of tnsnsfation initiation and signal transduction pathways 
promise to lead to the identiifoation of new therapeutic taigds 
In tiie near future. 
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